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Single separable electrode and self-contained pad viability tester 



The present invmtion relates to a single separable electrode that permits 
verification of fimctionality of subsections of the electrode sealed within a packc^e without 
unsealing the package. Also, the present mvention relates to a method for detemtining 
functionality of conq)on6nts sealed within a package without unsealing the package. 

5 

Products are sealed in packages for various reasons. These reasons include 
maintaining sterility of the products, prevmting contact of the products with air prev^ting 
moisture loss or gain ftom the product, and for protection during shipping. For any one or 
1 0 more of these reasons, it may be desired to maintain a certain atmosphere within a sealed 
package. Therefore, opening these packages to determine product viability is not possible 
since the act of opening the package changes or destroys the desired atmosphere within the 
package. 

To ensure tibat medical devices in particular are suitable for use, a destruction 
IS policy often requires discarding all devices over a cotain age. This may be necessarjr due to 

the inability to determine the viability of a device inside a sealed package. Such a destruction 

policy may result in discarding and thereby wasting viable devices. 

For example, defibrillation electrode pads may include several electrical 

connections and a hydrogel that &cilitates their operation. The shelf life of electrode pads is 
20 detennined in part by the length of time it takes for enough water moisture to evaporate out 

of the hydrogel and escq>e the pads package. As moisture escapes, the electrical prop^es of 

the electrode pads become ina:easingly compromised. 

In one context, where electrode pads are utilized with a defibrillator, a very 

significant factor includes changes in small and large signal impedance values betwem a 
23 patient's skin and the defibrillator. As the hydrogel dries out, the impedance values increase, 

making it more difficult to monitor a patient's electrical signals, obtain transthoracic 

impedance, and deliver energy into the body. Electrical continuity is compromised between 

the electrode and a patient's skin. 
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To help ensure ftat electrode pads will be usable whsa opened, electrode 
nianufacturers cmreatly print an expiration date on each set of pads. The electrode pads are to 
be discarded no latar than tibe e3q)iration date. However, the expi^ 
detennined based upon studies of the hydrogel used on the pads, and the amount of water 

5 moisture that escapes the package over time under normal as well as strenuous conditions. A 
safety &ctor is added to give time for the electrode pads to be shipped from the supplier to an 
original equipment manufacturer (OEM) and ttien from the OEM to the customer. This helps 
to ensure that the electrode pads are always usable, barring any package damage, when 
removed from the package before the expiration date. 

1 0 Calculating the expiration date of electrode pads or other conq)onents as 

described above is a conservative method of ensuring qu^ asaresult, the 

expiration date may arrive before the pads have actually expired, hi &ct, eliectrode pads may 
be usable for much Icmger dian the expiration date, especially if fhey are kq>t at room 
teiiq>6rature or in a faigji humidity CTvironmeot 

1 5 While electrode pads or other components may naturally over time become 

nonfimctional, at other times an electrode package may be damaged in some way. For 
exanq)le, tiny punctures or slits in the packa^, which may be too small to be seen by the 
casual obsover or with flie naked eye, or tears in tibie metal packagmg layer caused by 
bondmg the package, can aUow water moisture to esc^. Without noticing damage to the 

20 electrode pads' padcage, a customer typically will not teplace electrode pads until tiiV 

expiration date arrives, when in &ct the pads may be unusable long before. In addition, an 
electrode may be bent or compressed inside its sealed padca^ thereby causing electrical 
discontinuities such as broken wires or connections. 

The above example oidy rqnresents one particular exaxtqple of an electrode pad 

25 ofaparticularuse. Electrode pads for other uses may be siinilarly affected Also, device 
othi^ flian electrode pads may be affected by age, storage, and package conditions. 
Furthermore, foctors other tiian humidity can affect die functionality of a device. 

30 The present invention addresses problems related to ensuring operabiUty of 

packaged devices. The preset invoition may be usefol with a variety of products affected by 
a variety of conditions within packaging that contains the products. One advantage of the 
present invention is that the functionality of a device or component may be measured directiy 
or indirectly while ttie device or component is still sealed in a package. 
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As such, the present invention provides a method for detecmiiiing functionality 
of a component m a sealed package. At least one parameter mcluding an electrical iimction 
parameter of the component is measured while the component is sealed within the package. 
While &e component is sealed witiiin the package it is detennuied whetiher ttie parameter 
5 corresponds to an acceptable value at which flie component functions and it is indicated 
n^ether the parameter corresponds to an acceptable operational value for the component. 

The present invention also includes a method for preparing a single patient 
skin contactmg electrode that can be separated into two or more electrodes for use. The 
mediod includes removing ftie electrode fixnn a sealed package and separating the electrode 
1 0 into t9^o or more separate electrodes. 

Still further, the present invention provides a skin-contacting electrode that 
includes a single electrode that is separable into two or more electrodes. 

Still other objects and advantages of the present invention will become readily 
apparent by those skilled in the art fiom a review of the following detailed description. The 
1 S detailed description shows and describes preferred embodiments of the present invention, 
shzq)ly by way of illustration of the best mode contenqilated of carrymg out die present 
inv^tion. As will be realized, the present mvention is capable of otiier and different 
embodiments and its several details are cq>al)le of modifications in various obvious respects, 
widiout departing fiom the invention. Accordingly, the drawings and description are 
20 illustrative in nature and not restrictive. \ 

Objects and advantages of the present invention will be more clearly 
understood when considered in conjunction with the accompanying drawings* in which: 
25 Fig. la represents an ovediead view of an embodiment of an electrode that 

may be separated into two electrodes according to the present mvention wherdn the two 
electrodes are arranged end-to-end; 

Fig. lb represents an ov^ead view of an embodiment of an electrode that 
may be separated into two electrodes according to the present invention wherein the two 
30 electrodes are arranged side-by-side; 

Fig. 2 represents a cross-sectional view of an embodiment of an electrode 
according to the present inventioi^ 

Fig. 3 represents a cross-sectional view of another embodiment of an electrode 
according to the present invention; 
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Fig. 4 represents an ovetbead view of another embodiment of an electrode 
according to the present invention; 

Fig. S represents an ovediead view of another embodiment of an electrode that 
m^ be separated into three electrodes according to the present invention; 
5 Fig. 6 represents an end view of an embodiment of a roll of electrodes 

according to the present invention; 

Fig. 7 represents an embodimrat of a package that contains an embodiment of 
an electrode according to &6 present inv^tion; 

Fig. 8 represents an ovoiiead view of an electrode according to the present 
10 invention lhat includes an embodiment of a self-test function; 

Fig. 9 rq)resents a schematic drawing that illustrates an embodiment of a 
comparator circuit according to ^ present invention; 

Fig. 1 0 represents an ov^ead view of an embodiment of a package according 
to Ifae present invention; and 
1 S Fig. 1 1 represoits an ovediead view of an ^bodiment of a package according 

to flie present inventioiL 



As discussed above, storage conditions can affect the functionaltty of many 

20 \ devices. Ten^«rature.lnnnidity,cmin^ 

fictors maybe relevant, thereby ivevmting the padkage from being opmed to determine the 
viabiUty of the device. When seded in apadoige, the flmctio^^ 
cannot be known. Even out of a package, it nuiy not be possible or easy to determine the 
operational status of a device. For 63cample, it may be difi&calt to see an electrical 

25 discontinuity particularly in a situation where the pad is urgentiy required and/or any testmg 
equipment is not present Thorefixre, it may be desuable to have a way to measure the 
functionality of a device, such as an electrode, while the device is still sealed in a package. 

The preset invention addresses problems associated with detennining 
whether devices sealed wifiiin a package are fimctional. In the context of electrode pads, the 

30 present invention also provides a method and structure for determining tiie operabiUty of 
electrode pads while still packaged, regardless of the cause. Althou^ electrode pads are 
specifically mentioned here, the present invention may be applied to devices other than 
electrode pads and to conditions other than electrical discontinuities tiiat can affect 
operability of any device. 
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With respect to detennining electrical functionality of electrode pads, 
preconnected electrodes, electrodes operatively connected electrically to fit a defibrillator 
before an emer^cy occurs, offer the possibility of testing the continuity of the electrical 
path from the defibrillator, through both electrode pads and back to the defibrillator. Several 
5 electrode continuity-testing schemes are possible. 

A significant aspect of existing schemes involves the manner in which 
electrical contact is made between the two or more electrodes. According to one scheme, an 
electrical conductor is placed in contact with the hydrogel of both electrodes. The test current 
goes through the lead wire of a first electrode, into the conductive layer, thiou^ the gel of 

10 the first electrode and then through the gel of a second electrode, into its conductive layer, 
through its lead wires and back to the device. 

The above-described methods have one thing in common-the curr^t is forced 
to travel through the hydrogel of tiie electrode pads. While this may help to ensure that the 
gel and tiie connections continue to conduct electricity, the present invention can provide an 

IS entirely different method of testing electrode pads for fitness of use without testmg through 
the hydrogel layers. 

la the context of testing electrodes, the present invention permits performance 
of a continuity test without forcing current to travel through the gel of either electrode. This 
may be accomplished by directing the electrical path fix>m the defibrillator, through a single 

20 separable electrode and back to the defibrillator. According to one embodiment, the \ 
conductive layer of the smgle, sqiarable electrode, which may comprise tin, graphite, and/or 
otiier conductive materials, may q)an an area equal to two or more separate electrodes, thus 
remaining operatively connected until the electrodes are rmoved fiom their package. As 
discussed below, an electrode according to the present invention can span an area equal to a 

25 plurality of subelectrodes that may be separated when utilized. Because current flow takes the 
least resistant path to ground, and because a hydrogel has a greater resistance to current flow 
than the conductive layer, the single conductive layer forces the current to travel fiom the 
defibrillator, through the conductive layer of a first side of tiie smgle sq)arable electrode and 
back to the defibrillator without ever travelmg through tbe electrode gels. This therefore tests 

30 all of the electrical coimections in tiie path without altering the hydrogel in any way. 

The single separable electrode pad may be accotnplished in a number of ways. 
According to one embodiment, the single electrode may be manufactured with one or more 
narrow strips of the conductive layer joining the two or more sections that will later be 
sq)arated into distinct pads, hi this embodiment, the die used to cut the conductive layer 
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would not completely sq}arate the sections. Rather, the die would leave one or more narrow 
conductiye ties between the two otherwise separate electrode sections. The gel and dielectric 
layers would continue to be individually cut and placed on their separate conductive halves. 
When completed, the smgle separable electrode would be placed on a conomon release liner, 
5 or sq>arate liners, folded and placed in a package. 

The present invention also includes a singje separable electrode with sections 
that may be electrically connected togeflier. When electrically comiected, the electrode 
sections may be considered to be one electrode that includes a plurality of subelectrodes. 
Along these lines, the present invmtion can include a plurality of joined electrodes. The 

10 joined electrodes may be sq>arated. To provide both electrical connection and separability, 
the electrical coimection(s) may be separable. The electrical connection may be provided by a 
continuous electrically conductive layer extending among the sections. The electrically 
conductive lay^ can permit continuity testing of the entire electrode including the 
subelectrodes. A separable dielectric layer may also extend among the electrodes. In some 

IS embodiments, the dielectric layer may not extend among the electrodes. 

Whai the electrodes are ready for use, subelectrodes may be sqparated from 
each other. The separation may be carried out by cutting or othmnse severing the connection 
between adjacent electrodes. Some embodiments may include a perforation of the connection 
between adjacent electrodes to lEacilitate the sq>aration. 

20 In some embodiments^ the electrode sectionii may be rolled in a roll. This ^ 

particularly applicable where the electrodes are connected oid-to-end to form an elongated 
line of electrode sections. Rolling the sections can facilitate their storage and transportation 
since they will take up a reduced space. In rolling the electrodes, tixe sections may be rolled 
about a mandrel. 

25 Fig. 1 illustrates an example of an embodiment of a single separable electrode 

where two electrode sections are connected with a built m electrical short for testing. Along 
these lines. Fig. 1 illustrates two electrode pad sections 1 and 3. Leads S and 7 extend &om 
sections 1 and 3. The leads may be attached to Ike electrode with electrode attachment 
elements 8 and 10. A perforated connection 9 betwem electrode pads 1 and 3 results firom the 

30 incomplete separation of the electrode pad sections wbm cut from a sheet or roll of material. 

When a user removes the pads fitom a liner 1 1, tiie perforation may be severed. 
Alternatively, the connection may be broken by tearing the conductive strip joining the 
conductive layers of the two sections. Also, the connection may be cut Since the gel and 
dielectric, or foam, are separate pieces» no tearing or cutdng through gel or dielectric is 
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lequirecL According to another embodimeat, the conductive strip connecting the electrode 
sections may by tied into the package, clamped or bonded to the inside of the package. In this 
embodiment, the conductive strip between the two sections tears when the user rranoves the 
electrode fix)m its package. According to another embodiment, the dielectric extends between 
5 the electrodes. The conductive strip and dielectric are both tom or cut upon removal jfrom the 
package to separate the single electrode into two or more electrodes. 

Fig. 2 illustrates a cross-sectional view of one embodiment of an electrode as 
shown m Fig. 1 that may be separated into two electrodes. The electrode shown in Fig. 2 
includes two legions of hydrogel 2 and 4 attached to a conductive layer 6. The conductive 
10 layer typically is continuous so as to extaid among all connected electrode sections, thereby 
providing electrical continuity among the sections. The electrically conductive layer may be 
formed of any suitable electrically conducting material. According to one example, the . 
electrically conducting layer includes tin. 

A dielectric layer 12 may be arranged on the electrically conducting layer. As 
15 shown in Fig. 2, the dielectric layor may extend between the conductors as the electrically 
conducting layer. Alternatively, only the electrically conducting layer may extend among the 
electrode pads, as shown in Fig. 3. 

According to another embodiment tiiat permits electrodes to be tested while 
still sealed in a package, conductive electrode layers of the single separable electrode are cut 
20 separately. The cutting may be accon^lished with a die or otherwise. Also, any suitably 
electrically conductive material may be utilized, stich as tin. After cutting the electrode 
conductive layers, they are electrically coimected by placing a thin piece of tearable 
electrically conductive material under each conductive layer before adhering tiie conductive 
layers to their dielectric backings. The thin piece of electricaUy conductive material may also 
25 be made of tin or any other suitable electrically conductive material. One example of such a 
material is a material that does not react with or corrode the conductive layer. 

The thin coimecting piece of electrically conductive material could electrically 
connect the two separate conductive electrode layers. It would be bonded to each pad due to 
the adhesive joining the dielectric layer to the conductive layer. Fig. 4 illustrates an sample 
30 of such an embodiment. Along these lines. Fig. 4 illustrates an electrode that is separable into 
two electrodes 13 and 15 with their electrically conductive layers electrically connected by a 
thin electrically conductive connecting piece 17. Leads 19 and 21 ratend fiom tiie separable 
electrode. This conductive connecting strip could be broken in the same manner as mentioned 
above. 
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With leads 19 and 21 sealed through the package, the impedance of the single 
sq)arable electrode can be measured while the electrode is still in the package and before the 
connection between the subelectrpdes is severed. This measur^ent can be utilized to 
determine the continuity of die electrical path and the integrity of die electrical connections. 

5 To make this measurement, the leadwires may be pre^nnected to the defibrillator or other 
device. The device measures the impedance between the leads. A low reading, such as a 
reading less than about 2 ohms» indicates the electrode and/or the electrical connections are 
acceptable. On the other hand, a high reading, such as on the order of greater than about SO 
ohms, can indicate a bad electrical connection, a crack in the conductive layers and/or a 

1 0 severed lead wire, among other things. In the event that a high reading is obtained, the 

indicadng device would then indicate to the user that die electrodes were not fit for use and 
needed to be replaced. 

The electrically conductive strip could also be removed fix)m underneath the 
conductive layers of the electrode sections by designing the electrode so that the conductive 

1 5 strip sUps out fiom under the conductive layers before use. This could be accompUshed by 
first arranging a piece of pspesr, typically a thin piece, on the foam before arranging the 
conductive layer on the adhesive-backed foam. The conductive strip lies between the piqper 
and the conductive layers. 

The paper prevents the conductive strip from sticking to the foam backmg. To 

20 keep the conductive strip in place, a small amount of very.Iight-force adhesive could boused 
on its back sur&ce to adhere it gendy to the paper. After arranging die conductive strip on the 
paper, the conductive layer may be arranged on top of die conductive strip. The conductive 
strip then electrically connects the two conductive layers, but will easily slide out fix)m the 
electrode sections when they are pulled fiom the package. 

25 To increase the robustness of the electrical contact with the conductive strips, 

the strips can be waffled. The waiffling will oreate peaks and valleys in the conductive strips, 
thereby creating numerous points of contact between the strip and the conductive layer. 

According to die present invention, a single separable electrode may be 
separated into more than two electrodes. For example. Fig. 5 iUustrates an embodiment in 

30 which the electrode may be separable into three electrodes. Regardless of the number of 
electrodes tiiat an electrode may be separated into, the electrodes may be packaged as a roll. 
Fig. 6 illustrates an embodiment of a roll of electrode sections. To facilitate forming a roll 
fiom the electrode sections, the electrode sections may be rolled about a mandrel. 
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Fig. 7 illustrates an ^bodiment of a sealed package containing an 
embodiment of an electrode according to the present invention. A package can include one or 
more package members. The package inember(s) could be all or partially rigid. Alternatively, 
the package member(s) could be flexible. A package could include a mix of both rigid and 

5 flexible members. For example, a rigid member could be sealed with a flexible member. 
According to some embodiments, the package includes a single pouch member. 

Fig. 7 illustrates a package member 43. Connectors 45 and 47 may be sealed 
in the wall of the package as described above. The connectors could be the connectors 
typically included on the electrode leads. Alternatively, other connectors could be included in 

10 the package Qiat the leads are then connected to. An external device may be connected to the 
coimectors to test the electrodes while packaged. The external device may include an 
indicator 49 for indicating whetber or not the electrodes are functional. A user-actuated 
member 5 1 may also be mcluded for a us^ to initiate the process of determining whether 
electrodes are functional. 

15 To simplify inqilementation of the present invention, it may be desnable to 

provide an electrical test of electrode pads or any other device sealed in a package and a 
simple yes or no indication of viability or functionality in response to user inquiry without 
opening the sealed package. For example, electrodes or other devices in the package could be 
operatively coimected to a power source. The power source could be within the package or 

20 external to tiie package. If ext^nal to the package, the power source could be operatively 
connected to the electrodes for testing. Along these lines, connectors within the package wall 
could be attached to tibie leads from the electrodes. If a user desires to test the electrodes, the 
power source could be oparatively connected to the electrodes. Alternatively, prior to use, the 
electrodes could always be attached to the power source. 

25 The present invention provides a new way to test electrode coimections 

without testing tibie gel. In oth^ words, the present invention does not need to run a current 
through the hydrogel of an electrode pad. The present invention overcomes problems 
associated mHi methods and structures for testing operability of electrode pads and/or 
provides a method and apparatus for monitoring conditions within a package. While the 

30 present invention may be useful with any component, as described herein, it was first 
developed for use with electrode pads. 

Li a broadest sense, the present invention concerns determining the function of 
electric components or devices, such as a patient skin-contacting electrode, when still sealed 
in a package. Along these lines, the present invention includes a package that may include at 
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least one package portion that at least one component or device is sealed within. At least one 
element peimits the detennination of at least one electrical function parameter of the at least 
one component. The at least one elemmt may or may not be sealed within the package. At 
least one indicator indicates the at least one electrical param^er of the at least one 
5 component, thereby permitting die functionality of the at least one component within the 
sealed package to be detennined. Altmiatively, the at least one indicator indicates the 
fimctionality of the at least one component. The indicator(s) may or may not be sealed within 
the package. 

With electrodes, a sealed package may include at least one connecto^ withij^ 

10 the wall of the package. One or more leads may be operatively connected to the electrodes 
and to the connector(s). A device external to the pMj«agBTBafy;;^^be operatively connected 
to the connector. The external device may include^ defn>riUator^ectroencephalo 
cardiac pacing or cardioverting device, electrocardio^iph or omer device that the electrodes 
are to be utilized with. Alternatively, another device could be attadied to the coimector for 

IS the purposes of determining one or more electiical functioning parameters. 

Whether or not tfie componeats or devices sealed in the package are 
electrodes, measuring at least one electrical fimctional component can include siqjplying 
current to the components. The curr^t flow may be initiated by a user, such as by pressing a 
button or taking other action to close a circuit Alternatively, the external device could 

20 automaticaUy initiate cimmt flow. la sudi embodiments, the curren \ 
periodically ioitiated. In some embodiments, a pow^ source could be enclosed within the 
sealed package to provide current flow to the compon^ts. 

A processor or other element can interpret ciurent flow parameters through the 
componrats. The processor or other element could be included in the external device. At least 

25 one indicator can indicate the functionality of the device or the characteristics of the current 
flow. The indicator could be sealed witiiin the package. 

To permit the present invention to help determine the operabihty of 
components while still sealed in their packages, the indicator may be visible fiom outside the 
sealed package. This does not necessitate the indicator being arranged within the package. In 

30 &ct, the indicator could he outside the package and be operatively coimected to elements 
within the package. In such an embodiment, the indicator would be visible from outside the 
sealed package. 

hi addition to its location, the nature of the indicator may also change. 
Functionality or non-functionality reading produced by the indicator(s) may be displayed to a 
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user in a variety of maimers, dq>ending xxpon the embodiment The indicator in embodiments 
&at include a sensor could include a meter or display, such as any li^-producing element 
One embodiment can display to tiie user either a *'£^od/not good" indication. Another 
embodiment can ntiake the condition of the con^nent clearly visible to (be user. An 
5 objective of the present invention is to alert a user when electrode pads or any other device 
are no longer functional. Accoidiog to some mnbodiments of the present inv^tion the 
determining means can be consideied the same as the indicating means. 

Where the indicatoi(s) is located within the sealed package, the package may 
include at least one transparent portion to pemut the indicator(s) to be view One 

1 0 inexpensive embodimoit of the present invention includes a two^iece package having one 
transparent portion. According to one embodiment, ttie package can be one-half metal foil. 
The other half can be clear or traiiq>arcnt For exanq^le, the clear half can be a clear non-foil 
laminate. One example of such a laminate is an Aclar laminate available fiom Honeywell. 
The clear (n: transparent portion may also be fonned fiom Topa^^^ 

15 Ticona, or partially metallic clear film like the anti-static film used to padoige static-sensitive 
semiconductor components. The clear or transparent package portion can permit a user to 
view any elements of Ihe invention faiside the package. 

finbodiments of tiie present invention that detmnine at least one electrical 
paramet^ of a conoponent in a sealed package can su]q>ly a current to the components. The 

20 parameter measured can vary. Exanq>les of parameters iAcbde current flow, voltage dn>p 
duougjh a component, and/or in^edance of a component In some cases, the present invention 
can include generating an alert ^en electrode pads are no longer functional and/or need 
rq>lacing. 

Hg. 8 illustrates an etnbodimmt of the present invention that includes 
25 elements for a user to initiate an inquiry of electrode pads sealed in a package 33. The 

embodiment shown in Fig. 8 inchides a single separable electrode with two sections, 23 and 
25, arranged on a common release liner 28 and connected electrically with a tearable 
electrically conductive strip 31. Each pad includes a conductive mesh 27 and 29. A conductor 
31 connects the pads. A lead 35 and 37 extends &om each pad. The leads are attached to a 
30 pad connector 39. An end plug 41 contains circuitry that permits tiie user to initiate an 
inquiry or pennits other elements to be attached to permit tiie inquiry to be made. 

Regardless of where the power source is arranged or how it is oporatively 
connected to the electrodes or other device, the electtx>des or otiier device and power source 
can be part of a circuit fliat is only closed in response to user irput An indicator would be 
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part of this circuit. The indicator would indicate that the electrodes or other device are in an 
acceptable state if ttie indicator receives sufiBdent current The indicator could also produce a 
signal if the pads are not viable. In some cases, ttie indicator would only indicate pads in a 
functional state. Any indicator could be utilized, such as one or more LED*s, LCD displays, 
5 lights, meters, or other devices. Also, parameters other than current flow could trigger the 
indicator. 

Fig. 9 shows one embodiment of a conq>letely contained pad viability tester 
according to the present invention that includes circuitiy that may be included in the 
electrode connector and that includes a voltage conxparator 101 and an LED 103. The 

10 comparator conq>ares a pres^ threshold voltage against a voltage drop through the electrode 
pads 105 and 107. If the jpads aie viable, intipedance is low and tihe contparator will not 
illuminate the LED. 

According to anodierembodimait, circuitry including a power source, an 
electrical switch, andanmdicatorwquldbe enclosedin the sealed package such that a user 

1 5 could close the switoh and detennine fiom the indicator whether or not ttie pads are 

functionaL Fig. 10 illustrates a simple raibodhnent of Uns s^roadL The embodiment shown 
inPig. 10 inchides a circuit including a power source S3, a switdi 55, a Uqmdci^^ 
57, electrode pads 59 and 61, lead wires 63 and 65, and pad connector 67. The power source, 
switdi, and diq[>lay may be azraiiged in a connector as shown in Fig. 10 or may be arranged 

20 elsewhere in the package A user would activate the circ^t by closing the switd^ \ 
switeh shown in broken lines ilhistnites the closed positi^ Closing the switoh would pamit 
current to flow through both pads, wbich are connected via a thin conductor strq> as shown in 
Fig. 10, the lead wires, and the pad connector, thereby verii^gtiie integrity of 
assembly. If sufBdent current is able to flow flirou^ the circuit, the liquid cry^ window 

25 becomes clear, pennittmg a user to view a *'GOOD'' message 73, ftat is normally obscured 
by the liquid crystaL 

Fig. 11 illustrates an embodiment ofthe present invention that includes a pad 
connector 69 that includes shorting plug 71. The shorting plug is sealed within the package 
and is removed fiom ttie connector as the electrodes are removed fiom the package. In fiiis 

30 embodhnent, the plug is partiaUy contained within the padkage seal as 11. The 

package includes a tear, perforation, scoring, or other feature as indicated by elements 73 to 
&cilitate opening tiie padcage. A pow^ supply proviides power to the circuit. After opening 
the package, the electrodes are removed and fbe shorting phig is retained by the package. 
Alt0tnatively, the shorting plug can be removed as fiie electrodes are r^oved fiom the 
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package. According to fhis alternative, the dectrodes are removed &om Oxe package and the 
shorting plug removed sq>arately after the electrodes are removed &om the package, hi either 
of these two embodunents, &6 power si^ly may r^nain on the release hner as the pads are 
removed fiom Ifae release Hner. If suffident current is able to flow through the circuity an 

5 indicator 75, such as LED Ugjits or an LCD window, becomes clear to indicate "GOOD" pads 
as described above. 

In the case of electrodes for a deiSbrillator it is necessary that pads be 
fimctional. The present invmtion provides a package and melhod for determining whedier 
pads are fimctional while still sealed in a padcage. The electrodes may be tested while 

10 operativelycoimected to a device that they are to be utilized with or to another device. 

In certain CTbodiments, the present invention can also permit remote 
determination of the status of the sealed package and/or the component(s) sealed thereiiL For 
exanq)le, once the humidity or fimctional status of the conq>onent(s) sealed therein is 
detmnined, it could be transmitted via wired or wirdess communication means to a location 

IS remote Sxm the padca^^. A notification could then be produced that replacement of the 
component is required In the case of defibrillator electrode pads, an embodiment with 
rranote notification could alert users about non-fimctional pads so that they could be replaced 
to be sure ttiat tiie defibrillator wiU fimction as necessary. This could be particularly 
mqx>rtant for defibrillators ia public places meant to provide defibrillators immediately 

20 available on an emergency basis. \ ^..^ \ 

The fi)regoing desodtption of the inv^on illustrates and describes the present 
invention. Additionally, fiie disclosure cihows and describes only the preferred embodiments 
of the invention^ but as afi>r»nentioned» it is to be understood that the invention is enable of 
use m various otiier combinations, modifications, and envhonments and is enable of 

25 dianges or modifications within tike scope of the inventive concept as expressed herein, 
cQmrnQOSurate with the above teachings, and/or the skill or knowledge of the relevant art. 
The embodiments desaibed herdnabove are fiutfaer intended to explain best modes known of 
practicing the invention and to liable others skilled in the art to utilize the invention in such, ' 
or other, embodiments and with tiie various modifications required by the particular 

30 supplications or uses of the mvention. Accordingly, the description is not intended to limit the 
invention to the form disclosed herdn. Also, it is intended that the sq>pended claims be 
construed to mdude alternative embodiments. 
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CLAIMS: 



1. A single separable electrode, comprising: 

a plurality of separable electrically connected electrode sections (1,3). 

2. The single separable electrode according to claim 1, further comprising: 

5 a separable continuous electrically conductive layer (6) extending among the 

electrode sections (1,3) and being separable by at least one of cutting or tearing when 
removed from the package. 

3. The single sparable electrode according to claim 2, further comprising: 
10 a separable dielectric layer (12) lending among die electrode sections 

4. The single separable electrode according to claim 2, fiarther comprising: 
at least one separate electrical connection (5,7) attached to each electrode 

section. 

15 

5. The single separable electrode according to claim 1 , wherein the electrode is 
for contacting a patients skin and comprises a hydrogcl (2,4). 

6. The single separable electrode according to claim 2, wherein the electrode 
20 sections (1,3) are rolled in a roll (Fig.6). 

7. The single separable electrode according to claim 2, wherein the electrode 
sections (1,3) are electrically connected to permit continuity testing to be carried out through 
all electrode sections. 

25 

8. The single separable electrode according to claim 2, wherein the electrode 
sections are separable by cutting after removal from the package. 



The single separable electrode according to claim 2, further comprising: 
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a peculation (9) betwem adjacent electrode sections for pennitting the 
electrode to be separated into t^o or more separate electrodes upon or aft^ removal from the 
pack^. 

S 10. The idngle separable electrode according to claim 9, wherein the electrodes are 

for connection to a defibrillator, on electroencephalograph, an electrocardiograph, or a 
cardiac pacing or caidiovearting device. 

1 1 . The single sq>arable electrode according to claim 7, v^ierem a user initiates 
10 (51) current flow to the electrode to determine functionality of the electrode. 

12. The single sqiarable electrode according to claim 7, v^erein a device extemal 
to the package initiates current flow to detemune functionality of the electrode. 

15 13. The single 8q>arable electrode according to claim 7, further comprising: 

an indicator (49) operatively connected to the electrode for indicatii)^ 
fimctionality of the electrode. 

14. The sealed packkge according to claim 13, wherein the indicator in sealed 

20 within the packagp and the package comprises at least one transparent portion for majdng the 
indicator visible iGcom outside the package. 

15. A sealed padcage (33), comprising: 
at least one package portion (33); 

25 a singjle separable electrode comprising a plurality of separable electrically 

connected electrode sections (23^5) within tiie at least one package portion; and 

means (41) operable to measure at least one electrical function parameter of 
the electrode while the electrode is sealed within the package. 

30 16. A sealed package (33) for housing an electrical component, the package 

comprising: 

at least one package portion (33); 

self-contained circuitry (41) within die sealed package for determining at least 
one pazamet^ comprising at least one electrical function parameter of the component; and 
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an indicator (49) operatively connected to the deterarining means to indicate 
the functionality of the conq)onent within flie sealed package. 

17. A method for preparing aplurality of interconnected patient skin contacting 
electrodes for use, the method comprising: 

removing a single separable electrode comprisiug a plurality of separable 
electrically connected electrode sections &om a sealed package; and 

separating the single electrode mto at least two separate functional electrodes. 

1 8. The method according to claim 17, further comprising: 
resealing the package after removing a desired number of electrodes. 

19. A skin--contacting electrode, comprising: 

a singje separable electrode comprising a plurality of separable electrically 
connected electrode sections, all electrode sections being adhered to one side of a common 
release liner. 

20. The electrode according to claim 19, wherein at least one separate leadwire is 
attached to each electrode section. 

2 1 . The electrode according to claim 19, finther comprising: 

an electrically insulating layer that extends among and joins the subelectrodes. 

22. The electrode according to claim 19, \^*erein the electrode comprises a roll of 
subelectrodes. 

23. The electrode according to claim 22, wheroin the subelectrodes are rolled 
about a mandrel. 

24. The electrode according to claim 19, further comprising: 

an electrical connection comprises a conductive strip between a conductive 
layer and a dielectric layer of each electrode section. 
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25. Hie electrode according to claim 24, wherein the conductive strip is sevested or 
removed upon removing the electrode fiom the package. 

26. The electrode according to claim 25, wherein the conductive strip is severed 
5 by at least one of cutting and pulling. 

27. A self-contained device for detenniniug viabihty of electrodes in a sealed 
package, comprising: 

at least one connector operable to provide an electrical connection with the 
1 0 electrode to measure at least one electrical fiinction parameter of the electrode while the 

electrode is sealed within the package, wherein 1h!e at least one electrical functional parameter 
comprises at least one of impedance, current flow, and voltage drop between lead wires 
operatively connected to the electrode. 

1 5 28. The device according to claim 27, conq>rising a voltage comparator, a current 

source, and an indicator. 

29. The device according to claim 28, wherein the voltage comparator compares a 
voltage drop across the electrode pads on the electrodes with a threshold voltage value. 

20 \ \ 

30. The device according to claim 29, wherein the voltage comparator provides 
voltage to an indicator if the pads are not viable. 

3 1 . The device according to claim 29, wharein the indicator indicates the electrode 
25 pads are viable if the unpedance is low. 

32. The device according to claim 27, wl^rein the indicator con:q>iises an LED. 

33. The device according to claim 29, wherein voltage is provided to the indicator 
30 if impedance of the electrode pads is above a threshold value causing a voltage drop across 

the electrode pads that is above a tihreshold voltage value. 



The device according to claim 27, finther comprising: 
a current source. 



- } . - ) 
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35. The device according to claim 27, further comprising: 

a user-activated switch. 

5 36. The device according to claim 27, fiirther comprising: 

an indicator. 

37. A method of testing for electrode fitness for use, the mediod comprising: 
measuring at least one electrical function parameter of a single separable 

10 electrode while the electrode is sealed within a package. ' 

38. A method for indicating if a single separable electrode pad is fit for use, the 
method comprising: 

measuring at least one electrical function parameter of a single separable 
IS electrode while the electrode is sealed within a packa^; and 

indicatmg at least one of whether the el^trode is fit or unfit 

39. A method of testing a packaged electrode for fitness for use, the method 
comprising: 

20 testing the electrode without connecting the electrode to a device external tq^ a 

package containing the electrode. 
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implant. Of coui^ two way communication or activation is 7. The device in accordance with claim 1, wherein each: 

inherent in this concept. said core comprises a non-conductive medium, around 

Additionally, it may in some circumstances be useful to which said coil winds, 

employ a mixed system, having a single large air-core 8. The device in accordance with claim 1, wherein eadi 

antemia and a multi-leg antenna as described above. An 5 said core comprises ferdte, around which said coil winds, 

example can be seen illustrated in FIG. Wd where a device 9. The device in accordance with claim 1, wherein eadi 

600 which is here i^own with an opened housing 601 said core comprises air, around which said coil winds, 

containii^ the main pieces including the power source, 10. An implantable medical device for use with an exter- 

battery 602, connected to a hybrid circuit board 603 by nal programming unit having an external programming unit 

electrical conductors 602<z. On the surface of the hybrid 603, lo antenna; said external progranmiing unit having uplink and 

is mounted a large air core antenna 604 around the periphery downlink telemetry transceiver means for communicating 

of the hybrid and the multi-leg antenna at locatk>ns indicated with a complementary transceiver means in said implantable 

by numeral 605. In such a configuration the designer has the medical device, said implantable medical device compris- 

opportimity to employ the large air core antenna for receiv- ing: 

ing transmissions to the implanted device 600 and also 15 said complementary transceiver means comprising an 

employing the antenna at locations 605 for outbound trans- antenna circuit and an antenna configuration compris- 

missions. Also shown in FIG. lOd are conductors 600 ing a plurality of spaced apart substantially identical 

electrically connecting the hybrid 603 to the outside surface antenna legs, said antenna legs having two ends each 

of the implant housing 601). Use could be made of either and said antenna legs being connected in parallel at 

internal antenna system (605*s or 604 or both) together with 20 both said ends to said antenna circuit without being 

an external antenna 610 in a connector block or header H connected to said antenna circuit through any of said 

(having a connecting lead bore 611) if desired so that plurality of antenna legs or any other antenna leg. 

additional flexibility in the types of signal trananissions to n. The implanUble medical device of claim 10, wherein 

and firom die implantable device may be had. the number of said legis is greater than one and less than 10. 

The detailed description outlined above is considered to 25 12. The implantable medical device of claim 10, wherein 

beilhistrativconlyoftheprincq)lesof the invention. Numer- each antenna leg comprises a metal coil, wherein each 1^ 

ouscfaanges and modificadons will occur to those dolled in has an axis aligned with the center of the coil, and wherein 

the art, and there is no intention to restrict the scope of the said aligned axis of each of the metal coil antenna leg3 is 

invention to the detailed descr^tion. The preferred embodi- substantially parallel. 

ments of the invenUon having been described in detail the 30 13. jhe implantable medical device of claim 10, wherein 

scc^e of the invention should be defined by the following said antenna legs are equally ^aced about said implantable 

clamis. medical device wherein substantially the largest pos^le 

What is claimed is: sweet spot is produced. 

1. An implantable medical device having an antenna 14. The implantable medical device of claim 10, wherein 
apparatus, said medical device having a power source to 35 said antenna legs are ^aced about within said implantable 
supply a substantially fixed voltage, said antenna jqiparatus medical device to enable the use of a telemetry sweet ^ot 
comprising: of a predetermined shape. 

a plurality of electrical elements connected in parallel and 15. The implantable medical device of claim 10 wherein 

not in series with each other in an electrical circuit with said antenna legs are traced about within said implantable 

said power source, each of said plurality of electrical ^ medical device to enable the use of a telemetry sweet ^ot 

elements comprising an antenna coU having a core which projects a maximum amount in a predetermined 

therein and eadi said antenna coil and said core physi- direction. 

cally separated from each other antenna coil. 16. The implantable medical device of claim 10 wherein 

2. The device in claim 1 further comprising a modulating said electrical elements are spaced about within said 
circuit for modulating a current signal provided by said implantable medical device to enable the use of a telemetry 
power source to said plurality of electrical elements. sweet spot with a range determined to include a space 

3. The device in claim 1 wherein said plurality of elec- outside of a body into which said device is designed for 
trical elements is mounted within a housing of said implant- implantation from more than a single implant orientation, 
able medical device, said housing comprised of biocompat- 17. The implantable medical device of claim 10 wherein 
ible material. 50 said antenna legs are i^aced about within said implantable 

4. The device in claim 3 ^lercin said housing comprises medical device to enable the use of a telemetry sweet ^t 
a hermetically sealed can. which projects a sufficient amount to be within communi- 

5. The device in claim 3 wherein said housing substan- cation range of a communications device which may be in 
tially comprises titanium. a fixed location relative to a likely location of a patient 

6. The device in accordance with claim 1, wherein the during said patient's normal living activities, 
number of said electrical elements is more than 1 and less 

than 6. 41 * * * » 
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